Summary. The availability of data from magnetic observatories in machinereadable form means that we can now study secular change (internal variations of the magnetic field) by analysing time series with a rapid sampling rate rather than annual means. The major task is to identify and remove fields due to external sources: the major benefit is finer time resolution, which is particularly important because of the recent interest in sudden phenomena such as geomagnetic impulses and jerks. Apia and Amberley observatories provide good data for experimentation.
Introduction
The internal secular change in tlle Earth's magnetic field, which takes place on decade and century time-scales, has been studied, with very few exceptions, using annual means from magnetic observatories. Only at permanent observatories has it been possible t o maintain accurate absolute measurements over many years. Observatories make the greatest contribution towards modern charts of global secular change, satellite measurements notwithstanding. Observatories produce hourly averages of the magnetic components: traditionally these have been formed by averaging analogue records. Averages for days, months and years are also produced and published in bulletins. The shortage of data in machine-readable form has inhibited the application of modern data-processing methods t o the raw data. This shortage is being remedied slowly as data are put into machine-readable form and deposited with the World Data Centres, and as increasing numbers of observatories are converted to automatic recording. In future the widespread availability of magnetic data in machine-readable form will facilitate more sophisticated data-processing, some of it a t the observatory itself.
The use of annual means for secular variation studies has two main disadvantages: the sample interval is t o o long for some of the interesting sudden phenomena such as geomagnetic '.jerks' and 'impulses', and an average of all measurements inevitably leads to the inclusion of some external fields. The first problem is rectified simply by using a shorter sample interval, for example hourly or monthly means, although any scheme should involve as little key-punching as possible. However, the shorter sample intervaI will aggravate the second problem of external fields because there are large signals at the annual and semi-annual periods.
There are three indications that secular variation based on annual means is contaminated by external fields. An 11 yr cycle is present at many observatories; it correlates with the sunspot number (Harwood & Malin 1977) and clearly originates outside the core. Secular variation estimates based on elements of the California magnetometer array vary over distances of only a few kilometres (Johnston et al. 1986) , indicating a contribution due to induced magnetization in the crust. L x t l y , Shure et al. (1983) were unable to fit observatory estimates of secular change t o better than 2 n T yr-', when the internal consistency of the annual mean data pointed to an accuracy of 1 nT yr-' ; evidence for a signal smooth in time but with a short spatial length scale.
In principle, external and internal parts of the field can be separated by a global analysis. Unfortunately the geographical distribution of observatories is inadequate for determining all but a few low-order harmonics, and the method is impracticable for routine use. It is therefore crucial to eliminate as much as possible of the external signal from the original data.
In Section 2 we describe some experiments designed to eliminate the external fields from monthly mean data. This approach resembles that of Campbell (1979 Campbell ( , 1980 , who argued that the North American observatories were exceptionally quiet on days when the AE and DSt indices were low. External fields were less in evidence on these days than on the international quiet days, which are based on the K-index. Campbell (1980) next derived secular Secular variation jrom magnetic observatories 605 variation estimates by fitting a smooth curve and annual and semi-annual lines to midnight values, and showed the results to contain less coiitamination from external fields than the corresponding annual means.
In Section 3 we describe the features of the secular variation at Apia (in Western Samoa, 14"S, 172'W) and Amberley (in New Zealand, 43OS, 173'E) since 19-3 1 and 1923 respectively. This interval includes the geomagnetic jerk of 1969-70, a sudden change in the magnetic field w h c h took the form of an apparent discontinuity in the second time derivative. It was called a 'jerk' by Malin & Hodder (1982) , by analogy with the name for a discontinuity in dynamical acceleration, a terminology we follow, but the identification and study of the phenomenon began earlier: a review is given by Courtillot & Le Mouel (1984) . Prior to the recognition of the jerk as a feature of the internal magnetic field, rapid changes in times of about 5 yr or less had been believed to be entirely of external origin, in part because of the screening effect of the slightly conducting mantle (for example, Currie 1967 ). The jerk is therefore important in the study of the conductivity of the mantle as well as core processes.
Studies using annual mean data have concluded that the jerk occurred apparently instantaneously (Ducruix, Courtillot & Le Mouel 1980 : Gubbins 1984 McLeod 1985) . In Section 4 we seek finer resolution in time, by using monthly means, in order to study the process more closely.
Use of monthly means
After some experimentation we decided t o form monthly means of hourly values at local midnight. Midnight values are relatively free of ionospheric disturbances, and a monthly sampling interval is short enough for our purposes. Three time series were formed for each component; one by averaging all days of the month ('A'), another by using only the five international quiet days ('Q'), and a third using only those days that were quiet according to the Ae and DSt indices, as defined by Campbell (1979) ('C'). Attempts to base the definition of 'quiet' on the Amberley K-indices had t o be abandoned because the enormous variation of the K-index with sunspot number led to all days being selected near sunspot minima. Hourly values for Amberley and Apia were only available in machine-readable form from 1965 onwards: the dataset was extended t o 1959 by punching monthly means from the publications of the Christchurch Observatory 'magnetic results' series for Apia and Amberley. When data were not available for a particular day it was omitted frorn the monthly niean. When n o monthly mean could be formed its value was interpolated linearly from adjacent means. The AE-D,, quiet days led to many missing data because, for this most stringent criterion, there were n o quiet days at all in some months. The Q-and A-series were of length 225 for Amberley and 264 for Apia. Quiet AELDSt days were only available to the end of 1974, giving series of length 192. Amberley closed in 1977; the Z-(down) component for this observatory was artificially disturbed by a nearby D C power transmission line from 1965 to 1974 and so this component was not analysed.
A straight line was fitted to each time series and removed: the gradient of this line gives an approximate estimate of the secular variation. Amplitude spectra were computed using a Tukey window (cosine taper affecting 10-20 per cent of the data). The spectra showed evidence o f annual and semi-annual lines (e.g. Fig. 4 ). Harmonics with periods 6 and 12 months were fitted to each series and subtracted, which removed all evidence of the two lines. Campbell (1980) proposed determining secular change by fitting a trend and seasonal 
, f is measured in months from 1959.0, the secular variation column, headed 'SV', is 12B, Q denotes monthly means based on international quiet days, A on all days, C on the days for quiet AE-D,, indices, Q' as Q but for the same time interval as the C series. Calculations done with the full list of quiet days given by Campbell (1979) in his tables 1 and 2 did not give significantly different results. Note that the phase angles are measured in degrees in the table, but in radians in the formula. terms to each year of data, and taking the mean gradient as the secular change for the year. Campbell (private communication) has developed an improved method for determining the seasonal terms. Note there is a subtle difference between fitting trend and seasonal terms simultaneously, as Campbell does, and fitting seasonal terms after detrending, as we do. The difference is most noticeable for short time series.
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The mean value of the field for each time interval is given in the first column of Table I . The X (north) and, to a lesser extent, Y (east) components have smaller magnitudes for the all day means than for the international quiet days because of the effect of storms in reducing the horizontal intensity. The AE-D,, quiet days (C) yield slightly smaller values than the international quiet days for the same time interval of 1959-74 (Q').
Differences in secular variation estimates for the C and Q ' series at the same observatory are less than 0.2 nT yr-' , except for Apia Y (0.5 n T yr-'). These values are comparable with the misfit between core fields and observations of secular variation based on annual means calculated by Shure et al. (1983, table l) , which were (0.2, 0.9) for Amberley and (0.7, 0.5, 1.4) for Apia for approximately the same period.
Seasonal terms in Table 1 are generally somewhat larger for the all-day means, confirming that they are mainly of external origin. There is still a significant component during quiet days, but there is very little difference between the AE-D,, and international quiet days for the annual line. The X-component semi-annual line is reduced for the AE-D,, days, supporting the view of Courtillot & Le Moue1 (1976) that the semi-annual line is associated with the auroral electrojet.
The Q-series provides a significant improvement over all day means, but the results of Table 1 are not sufficiently encouraging t o warrant the extra effort of calculating AE-D,, days, at least at this early stage. There are fewer AE-D,, than international quiet days (<30 per year against 60) and therefore we would expect them t o be quieter, but there is no evidence for this at these sites.
The residual curve for the Amberley Y-component, Q-series, is shown in Fig. I . These data were analysed for the presence of a jerk in 1969-70 using the method of Ducruix eta/. (1980) . Double parabolae, joined at 1969.5, were fitted t o the Y-component at the two observatories. They show a jerk of strength about 30 nT yr-' ; a similar result is obtained from annual mean values. Joining the parabolae at different times gave an optimum result for Amberley Y at 1972.4, somewhat later than the globally preferred value of 1969.5; the optimum time for Apia was 1970.1.
We conclude from this study that monthly means of international quiet days are Fig. 2 ; a cubic forms an equally satisfactory fit to the other components. The cubic was subtracted from the data and annual and semi-annual terms removed from the remainder to give residual curves that represent short-term secular change. The residual curve for the Amberley Y-component is shown in Fig. 3 together with annual mean values. The residual curves are close to the annual mean values; the differences are in some places significant and probably worth taking into account in secular change studies, and the noise level in the monthly mean series is low enough to provide some improvement in time resolution. Seasonal terms were calculated for all components and the results compared well with those given in Table 1 for the shorter time series. There was no evidence of long-term changes in amplitude or phase, as might be caused, for example, by improvements in temperature control at the observatories, and there was no clear evidence of any dependence of amplitude or phase on the sunspot cycle. Removal of a sinusoid at each frequency was therefore deemed adequate. The annual lines were absent from the declination series and from Apia Z ; the semi-annual lines were in general much smaller, and absent altogether from the Y and Z series. between the annual means and the monthly mean curvc are small but significant. Note the difference in periodicity between these data and those of Fig. 1 ; the halving in period is due to fitting a straight line to a short length of data t o form the curve in Fig. 1 .
Spectra of each time series show annual and semi-annual lines, a large low-frequency peak, and, except for Apia 2 , an 11 yr peak corresponding to the sunspot cycle. The amplitude of the solar cycle peaks range up to a maximum of about 30 n T (for Apia D).
This could contribute 1-2nTyr-l to a secular variation estimate and could therefore be a noticeable, but not a major, source of noise. The spectrum for Amberley X is shown in .. The near coincidence of peaks in the sunspot series and the two declination records hints at an external source for these variations, but the correlation must remain a curiosity until a physical theory for the connection can be offered.
The search for geomagnetic jerks
We now look for evidence of rapid changes in the Y-component at Apia and Amberley observatories that may be associated with the world-wide phenomenon that is believed to have occurred in 1970 and which we will refer to as the 'jerk'. We can make no inferences about the global nature of the jerk from just two observatories; we shall simply study the variations around 1970 with vei-y fine resolution in time.
The required effect should show up as a spike in the graph of the third time derivative, a discontinuity or step in the second derivative, a change in gradient or ramp in the first derivative, and a change in curvature in the measurement itself. The ramp in the first derivative is the easiest t o detect of these four; it can be seen t o emerge from the noise level after a sufficient length of time, provided the first derivative is a fairly linear function of time both before and after the jerk. The change of curvature in the raw measurement is too smooth an effect to be noticeable and the higher derivatives are noisy. We have therefore devised a filter to differentiate the series to provide a plot of the derivative which can be studied for a change in slope.
The strength of a jerk is measured in units of nT yr-' ; Ducruix et al. (1980) found typical values of 30 nT yr-' in Europe. The noise level for the Apia Y-component is about 4 nT. Forming a derivative by first differences would lead to a very noisy series, with scatter of about 6 nT month-' or 72 nT yr-' . We would have to wait some 2 yr for a jerk of 36 nT yr-' to emerge from this level of noise: the noise Ievel must be reduced by smoothing. Consider a simple moving average filter, for illustration, which averages sets of n adjacent points. The filter reduces the noise level by a factor of n"'; in the process it degrades the resolution time by a factor n. Let the error in a single measurement be u nT and the strength of the jerk be J nT yr-'. An optimum value of n is achieved when the resolution time equals -100 1 the detection time n = 144 (2u/n)'/'/J giving n = 8 month for the numerical values above. There is therefore some hope that we will be able to achieve a slender improvement over the time resolution of 12 month offered by annual means.
We prefer t o use Gaussian smoothing rather than a box-car. The basic filter has the form
The averaging lime, 7, is defined to be (2/a)'/'. The filter df/& was employed to smooth and differentiate the series. A second derivative filter was employed by differentiatjngf'(x) a second time. Discrete filters of length (2s i 1) were constructed, where s = 1.257.
-20 J Figure 9 . As Fig. 8 , with a 12-month filter. The plots of the derivatives show many changes of slope but most of them are local phenomena and are not seen at other observatories. However, Langel et al. (1985) have reported evidence for another global jerk in 1978. The date corresponds to the change in 20 Figure 11 . As Fig. 10, with a 12 
D. Gubbins and L. Tornlinson

Conclusions
The main conclusion of this work is that observatory monthly means can be used to provide records with low noise and good time resolution, as evinced by the smooth curves in Figs 6 and 7. Means based on midnight values for international quiet days are less contaminated with external fields than means based on all days, and may be at least as good as quiet days based on the AE and DSt index. There is no difficulty with the uneven length of the month (28-31 days long) because the fluctuations from day-to-day due t o external currents far exceed one month's secular change. Campbell (1979 Campbell ( , 1980 showed the AE and D,, index to be a good indication of quietness at North American observatories, but our work shows this does not necessarily apply to observatories in the southern hemisphere.
We propose the following approach to studying secular change at observatories: form monthly mean series from hourly values at local midnight for the international quiet days; fit and remove a polynomial to the resulting data, the order depending on the length of record; and fit and remove annual and semi-annual terms from the remainder to leave residual curves. The polynomial component is undoubtedly of internal origin; the remainder curves must be investigated further in order to determine the internal part.
A full separation of internal and external parts demands a global analysis and we are unable t o make a definitive statement from Apia and Amberley alone. The 11 yr peak in the spectrum is certainly external. The correlation proposed by Beagley & Bullen (1949) between the large oscillations with a 20-30 yr period and the sunspot cycle does not persist, illustrating one of the problems of interpreting short lengths of records. However, the oscillations continue, after missing a half-cycle, leaving a slight suggestion that there may be some causal mechanism.
This study has shown other dangers inherent in interpreting short lengths of record. Many observatories set up at around the time of the IGY (1959) have provided about 20 yr of data: fewer than 100 observatories have run for longer, and even those are concentrated in Europe.
Most of the secular change during such an interval can be represented by a linear trend: the Y record from Apia provides a good example. Subtracting a linear fit leaves a residual curve (Fig. 1) which is quite different from the residual curve for the longer series (Fig. 2) .
The rapid change that we have tentatively associated with the 1970 jerk appears effectively instantaneously at each conservatory, despite our improved time resolution, but there is a lag of some 2. yr between its appearance at Apia and Amberley. The sudden onset in itself points to an external cause because very sudden changes would be screened by the electrical conductivity of the lower mantle, and the slight correlation with sunspot number supports Alldredge's (1982) belief that the phenomenon has an external cause. On the other hand the time difference suggest either that the jerk was not a simultaneous event all over the world, or perhaps that the effects we have studied here are quite separate. Nevanlinna (1 984). has studied the movement of the isopores for sudden changes and finds a shift in Europe in 1970 corresponding t o the jerk, but shifts at different times elsewhere. In particular the shift shows at about 1972 in the region south of Australia, in agreement with our findings.
A definitive answer needs a good global distribution of observatories, which we d o not yet have. A study of observatories in the Australasian region will be attempted next.
